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Tnia invention relates to a method and apparatus tox 
heating an elongated space or a location containing an olongatod 
htutor. Kore particularly, the invention relatee to uv* electrical 
real stance heater for heating an <ilonflato4 su]>ter rancan fcoioholo 
at rate* which are different at different depth* of the borahoia, 

:tt U Known to l>e be-uoficiai to US* elongated heaters 
uuch as veil heaters, for heating interval* *t aubterranean aarth 
format Lorn;, pipe Interiors, or other elongated spaces. In various 
situations, it is desirable to heat such epacee at relative iy high 

10 temperatures tor relatively* long tinea. Boneficial reovlto 
obtslijod fay such heating nay include pyrolialng oil sUale 
format tone, coking oil to consolidate unconsolidated reservoir 
formations, coking oil to form electrically conductive carbonized 
rones capatole of operating ae electrode* within a reservoir 
formation, thermally displacing hydrocarbons derived fro* oils or 
tars ii\to production locations, preventing formation of hydrates, 
pr*i;J.pltatcs. or the like in fluids which are being produced from 
wells and /or transmitted through pipes, or the Hue. 

The invention ai».a to provide a heating apparatus vhich 

20 is capntle of generating heat at different rates At dlfftceut 
depths in a well. 

In accordance with the invention there ie provided in a 
process in which eubtcrranean earth formations within en interval 
more than 100 foet long are heated to a tenperature of wore than 
6G0 0 e., ao that heat do Injected substantially uniformly into that 
Interval, an improvement for constructing and installing a heater 
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bavin? on electrical cable hosting eecrtion which is free of 
uplices, comprising* constructing *uid hooting eablo /section by 
compressive Ly swag In <j at leant one portion of a Junction- tree 
electrical beating cable to reduce lto ait* at mid at li#a.jst one 
portion, said cable it at least e» long ei ttve earth formation 
Interval to be heated find comprise*; a* axially *litfncd, malleable, 
electrically conductive core cyr rounded by granglar win era I 
insulation within a natal aneath, ao that ■vapid portion generates 
heat at a rate hioher than the uni waged portion; correlating the 

10 location ot sola swaging wltfc the pnttcrn of boot conductivity in 
the earth formation interval ao that at leant one eotDpreaeively 
swaged portion of the cnbla iff located along the cable in a 
position such that, when the cable 1b extended along tUe earth 
formation interval to be hea'tod, the conpresetvoly *wi>god portion 
is adjacent to a portion of the earth format ion interval to which 
Che heat conductivity Is relatively higbp ccanocting a*id 
selectively swayed heating cable aectlon to at least one power 
supply cable and spooling the interconnected cables and 
un?;pooling the Interconnected cat lie into a velJbore along with a 

20 weight -supporting metal conduit while periodically attaching the 
cable* to the conduit and extending the ceblei and conduit to a 
depth at which the conpra actively swaged portions uf the cable axe 
positioned adjacent to tuo earth formations having a relatively 
high thermal conductivity. 

The invention <rill now be explained In more detail sath 
reference to the accompanying drawing* r in which i 
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Figrura X ts a throe-dtnunoiorial i lluatxation Ci fin 
electrically conductive c*lu« containing staged an* vio^vayod 
portion* suitable fox uie In the praeant Invention. 

figure 2 sobewatioaUy lJUuntraxea tne Installing of an 
oloctricai xaaiatance beater withici the wall 1a accordactco with 
the present Invent low. 
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Figure 3 shew a splice between a raetal-ehaathcd lofiulated 
powstt" supply cable and a retal-shr;at>ed insulated cabin suitable ah 
a heotijxg eleroent of t>is present invention- 
Figures 4 and & illustrate splices for electrically inter- 
fi connecting the cmouctive cores of a pair of ftetal-sheacthed mineral- 
insulated beating cables suitabla aa being cables in the present 
invention. 

figure 6 aho»» an electrical power supply circuit suitable tor 
uSC In the preeent invention. 

IjO ite present invention is at least: in part premised 00 a 

discovery that the propw-'tios of an electrical conductor (ouch as a 
ircbol-iihoftthed eolid irst«rjAl-in£uLatcd electrically cucductivc 
cable containing a single copper core) are soon that results of an 
application of oonpressivc swaging to the outside ol the roetal 

15 sheath are transmitted through the insulation to tho core of the 
cable in a manner such that each of these ccnpcrjeTits ore 
substantially simltanecusly reduced in crnes^eeotiunai area by the 
s&vo relative amcurrta- Tno reductions in tins cable core crcas- 
sectional area can be controlled to cause the swaged portion of tho 

20 cable to gene race a significantly higher exreunt of heat per unit 
time than that tfoich would hare been cjGRerated vlttaat the swaging, 
even at a substantially lower temperature. 

In a preferred cntoo&ttnent o± the invention f such a swaging is 
dona by a process of rotary swaging, amounting to ocwprcssirjg the 

2$ cablo with many blows applied by rotating dies, totalling swaging 
devinea and techniques aro known and ccniwrcially available. Such 
machinaH coanonly contain two die? whi^h reciponcxrate rapidly ae a 
spindle in vhicJi -they aru mounted lc rotated- * conqjresaive rotary 
swaging operation involves a hansnsring action which has the sane 

30 beneficial naberial on netal as forging. It produces a desirable 
grain structure) resulting 1° en increased tensilo strength and 
elasticity. The oo 1x1 (in tarperatuxel swaging tends bo work harden 
croflt Jisfftallic materials. If desired, such a hardening t«n to if&de 
more flexible by annealing. 
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Jn a rotary swagirg ope-ratica, the extent to which the ewagei 
material a a reduced In crces-secticnaZ area cam 1« controlled very 
accurately. For eesAJplo, slnco a meta>ebaathed solid rratearinl- 
insulatecl cscpsr-cored cdcctricaUy-orsuauctivc cable behaves as a 
5 solid iratcriai during a rotary bvaging cceraticn, such & cebte 
having a dlemoter of trrrn abjut 0.69 to L.25 cm can ba awtgea to a 
reduced diarffitdr with an accuracy on about pl.u» ox tninua 0.0025 cm. 

figure 1 illustrates swaged and unawaged portions of a" cable 
preferred for use in the present invention. In tlie cabJe shorn, a 

10 etainlofiS Steel sheath 2 surrounds a mineral insulation 3 

consisting of highly nomprasssd grains of jrsgneaiurn oxide and a 
solid conductive coi^e a of substantially pore ccpp&r is 
concentrlcaLly surrounded by the Insulation and aheath. In a cable 
of the type a hewn, where the inner and cutor diameters of the 

15 Pheath Z *ira 7,25 and 9 Kin and the- dianofcor of the core 4 ia 3 n«, 
iu the unavraged cortion, the cable may gaiaratB a temperature at 
about 600 °C *hen oenductiny 180 citrates of alternating current.. 
However f ii> a swaged portion of tlve cable having a diameter reduced 
by Ifa, a teaperahure of about 850 *C is gerftrabad when tho cable 

20 \b ocmdLctirg the sair* current in tho satre environment. 

In a preferred eahodiirent, the present Invention can bu 
utiliied for providing a formation-tailore:* method and apparatus 
for taiiforwly hearting long intervals of subterranaan earth 
fprmfiiona at high terqporature . *ccnrdinc. to this nethed 

25 si&terranean intervals are heated with an electric heatjor 

containing at .leant one spoolahle stoel-shea.thei mineral* insulated 
cable having a solid central core of high electrical conductivity. 
Such u tabla can be arranged to heat the earth ficorwa dens ao that 
haat U transmitted into the formations at a substantially uniform 

3r> rate, evert when the hosting involve* nora than about. 330 watte per 
netre at teaioiiratures between about COO and 1000 *C. The uniformity 
of the heat transaiwslon Is ensured by providing the heater with a 
pattern of electrical resistances with depth vithin the well 
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OTtTPilartert vith the pattern nf hBat conductivity with depth within 
ths surrounding earth f orations . 

Figure 2 shown a preferred cubodiirent of a wall heater of the 
present ljwQ7t.ioTi Oaing ins tailed within a wall. Aar ishonmr a pair 
S of selectively swayad haatcr oshlefl v.ith Bwigad and un^vttqed 

portions of the typs tficun In Figure X ary being unsocoled J.nw a 
xoli from spooling mesne 5 and 6 while a support menbar 7, *uch as 
a wire lino at spcolable metal oondutt, is concurrently unapoolod 
into the well from a spcoUno, neana (not tfaewn) . Tne A ewer end of 

ID the support neans 7 is attached to & motor iroaiu 8« siv* sb a 

sinker bar for & vertical well or a cucnpnble or other motor raeana 
for a substantially horizontal »U, The lower ends &i the beating 
cable, Rvagea portions lb, are wecbsnicallY attached tic a cable 
junction or end^rennectnr 9 in which the conductive, cores aro 

15 electrically interconnected (as shovm in uore detail in Vigure 4) . 
Tba juration 9 is a\ar> irediamcally ocraectod to the support marcher 
7, for ex«roph3 by a strapping means 12. Tfcw lewar ands of the cable 
porticua, tihlch are waged for increased heatirjg, are electrically 
interconnected in the enrt connector 9 and positioned to oxtcrri 

?0 through the sane eeOBCted for receiving the increased heating. 

the vMewaged porticos la ot* the heating can Lee f designed nor 
minimal heating along th» *ona to be heated, are pneitioned to 
extend above Che swaged portions lb for a distance sufficient to 
reach a zone which is cool enough for on intcroonrjec't-ion of tte 

25 heating cable poet ions la with pewar supply cables 10 by insane at' 
joints or splices U for electrically and sechnnically inter- 
ocflinectirg the powor supply ing ar4 beating cahlua. Sho power supply 
cables 10 are arranged for currying a selected amount of current 
while generating only a jftixilmtl anoint of heat. The details of 

30 suitable whanical arid electrical cable connecting joints for ubo 
with natal-sheathed mirjaxal-insolattid power supplying cables are 
illuutratfld in Figure 3. 

As the boating and power supply coble* 1 and 10 are run into 
the wall, along with cJve weiaht-aor*orting strand 1, the cables are 
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periodically attached to the strand 7 by TveanB of clonic or 
strapping Beans 1.2. Such clampe <urc< arranged for creating * 
friction between the cables and strand which ie sufficient to 
support the weight of tlw lengths at the cables which are Isa&bcd 
5 between the clasps. 

Figure 3 illustrates details of preferred trrangwentn of 
splices 11 > as ehewn, ths power supply cable 10 haa a metal sheath 
14, audi as a ceppar eheutJi, surrounding an insulated electrically 
conductive osre 13 having a cctifeinatian ot croB8-ae=tianal area and 
li> electrical rc3i5.tar.ee per unit ot* length adapting it to carry una 
current to be used in the heating epcratlon while generating only 
en insignificant araounc of beat, A» shown, the power cable shaath 
14 ai veil as a power cable core 13 are larger Chan the sheath 2 
and core 4 of the unswagod portion of Ideating cabio La. Tre 
15 conductive cores of the cable are electrically interconnected, 
preferably by wsJding* In cejnsral, the power cable can cctiprise 
substantially any typ» of electrically conductive cable which S3 
adecjuotely heat stable at the temperature generated by the miniimira 
heating portion of a heating cable such as la. Where the Toaxinura 
kO selected heating tetperature is suff aciently low and/or tlie 
distance between the power supply and zena to bo treated la 
adequately snort, the power supply cable can eanpriee a irotal* 
sheathed wLr-eral-ii^u'latad solicV-cored cable which is selectively 
swaged to provide tic elected heatirjg tenperature eu that no 
25 splices such a« splices 11 art* needed. 

As ahown in Figure 3, a relatively short sleeve 15, such as a 
steel s1l«vc, Is fitted around and welded Or braced, or otherwise 
irechanically attached, to the aheath 14 of the power cable 10. Tho 
alee*'U 15 Is preferably selected to have an inner diameter forming 
jo an annular space between it and ehsath 2 large enough to 

ftcwirodate a shorter steel sleeve 16 fitted around the sheath of 
tltt cable la. In a preferred amnbling prw»iur«, before ineertir-g 
the short sleeve 16, eubetar/tially all ot tfce annular i$so3 between 
Khe cable core ranter* 4 and 13 and sleeve 1.5 a a filled witii & 
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poNdared mineral insuLe.Unn material such as magnesium o#udf. The 
ins.uiRtj.ng material ia pre drably deposited within both hhe annular 
«pecc between the cubic core? and the sleeve 15 as r /teU aa the 
space between the sleeve 15 and the shsath 2 of the oable la, and 
5 vibrated tt> ocirpact the nw-ms of particles, Sleeve 16 oan then be 
driven Into ere spaue betwsan the 8 1 ewe IS and sheath 2 so that, 
the toss of mineral ineulating particles In compacted by the 
driving force. Slocvcu 15 and 16 and sheath 2 are then welded or 
brazed together. 

10 Figure 4 illustrates details of an end connector or spxlioa 9. 

As shown, cables lb are oxtanded through haiea in & steel block 9 
so that short fleotiens lc extend into a cylindrical opening in tte 
central portion of tha block. The electxically conductive cores of 
the cables are welded together at veld 17 and the cab.Le sheaths are 

l? vcetded to block 9 at welds IB- P.rufcrably, the central conductors 
□f the cables are eurrcrcdad by a Kent etfhlc olecrocai insulation 
such as a rntisa of enrapacoed powdered mineral particles and/or by 
disc? of. ceramic materials (not shown) , after vtoich tha contra! 
opening Is sealed, for example, by weldlng-cn pieceo of steal (not 

20 shewn)* Where the heater is su p ported* as shown in Figure 2, by 
attaching \t bo an elongated cylindrical structural member 7 r a 
groovo 19 is preferably formad along an exterior portion of end 
epiioa 9 to mate with the etructurol mtfrfbor and facilitate the 
attaching oi the end piece bo that rember, for example, by a 

2S strapping means 12- 

Figure 5 ahowe a preferred type of end connector which 
eliminates the need for cutting and vending a heater cable to form 
a pair of heater cobles, such as cables. 175 » The beater cable is 
simply bent inco a U-turn and mechanically clamped to block 20 by a 

30 fcoi bed-on clamping plate 21. The bloc* 20 is preferably pre/iced 
vith grcowe 2?. to facilitate tho claoping of it to a cylindrical 
structural msntoer such an the cylindrical wmbor 7 shown in 
Figure 2. 
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In general, the power supplying eJjeneota can compriee 
substantially any JVC or IX: system capable of causing a haator of 
tha present type ro heat at tho selected rete Lively high rate Such 
a beating rata can be about 33n watts par metre or roorfc, 
5 Picture 6 is a diagram of a preferred arranseensut of 

alternating current electrical pawr gupplylng element* suitable 
for the present typo of heater- This arrangement Includes cwo 
inverse, parallel, eilieQn-contro.Ued rectifiers OCRs) in the 
circuits of. both elements of a two-etlernesifc hpafcer« In such a 
10 balanced system tha heater legs should 1* of equal resistance 93 
that tha Cttbla core junction, point A, (within end connector 9) can 
ronain at zero voltage or virtual ground pobcntial- l*e sheatha ef 
the heater cables aro connected to the grounded centre tap of the 
transformer J**:ncdary. Since point A represents the welded 

If) conrjoction withio the end piece 9, the potential difference betoken 
tho connection and the housing will fco 2ero for all practical 
purposes. Th^se jmnfcs could be in electrical contact without any 
conduction of CTarrent. At points advancing upward alco? the lege of 
the heater, the potential difference between tho sheaths and the 
20 central conductor oan increesu and finally reach orexicora soon aa 
plus or minus 2<0 V. 

m various situations in which an elongated space is to be 
heated, the in situ thermal conduct ion irey vary significantly 
vithin various layers or looatjbons along 1 that space, A iirara hoat 

25 oondiactave layer will carry off tha hoat generated by a heater 

faater than a less conductive layer. As a result, tne teirperature 
maintained by an electrical resistance ho&ter carrying a given 
arncunt of current will V* lower opposite a acre conductive layer. 
In situations in which it is desired to maintain a fJat or uniform 

30 heating rate along tho space being heated, it is dasirablo to 
reduce tt** heater core crosa-sacfcicnftl area in order to otfior&te 
heat at the earns rata as that in ct)\er portions of the heater whJch 
are hotter. 
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An alectrical resistance heater can be cauewd to ijcnerate 
selected hesttr/-{ raten at different locations alccig the heater )xy 
installing boater sectiona ocmtainirjg conductors of varying cross^ 
aeotians. '.toft wuaLler acre or coa*3uctar eroee-seefciena exhibit tiotb 

5 resistance to thu electrical current flew and thus generate heat st 
a rate higher than Viculd be generated by a thickor core at the f«rfi 
ten^parature. *or exasple, it caw heat at a ©elected rate at lower 
te-nparature existing along a relatively wore hent cmSuctive layer 
or cone: v/ithin the apace twirvg heated, 

\0 Tbo present invention provide a method of causing a heater 

having an electrically conductive oore which ia continuous and 
unitary to generate constant and/or selected awamta of heat along 
one or a multiplicity of different portion* of the heater without 
requiring a multitude of heating cabl* splices . Particularly where 

15 tho heating is to ba conducted a* relatively high ten^ratnres fur 
long times, velding problems and opportunities tfor leakage are 
inherent An any cutting and slicing of electrical haatingr cables. 

In respect to an electrical resistance heater coirfxriaing a 
pair of electrically iutnrccnnaobBd tfiatal-sheathed solid jnrtcrial- 

20 insulated cables each containing a malleable ttCtai. elactrically- 
conductive oors f foiar sets of rntary bitching dies can be arranged 
for providing percentages of Siamstrical reductions of 6, 12, 10 
and 24 in the initial overall diameter of each cable and its 
cenctefcive uara, By reducing one portion of the cable diameter by 

ll r j 6fc and another by 121, the overall reduction ia 91. Ity such 

procedures, the overall cross-sectional reductiona for both legs of 
the heater can be provided in eight seeps of roughly 101 each. Per 
example, see tihe fullcwing table: 
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D1AMBTMCAT. REETCIIXW CRD3S-KSOTJCHAL WZDUCTICTJ 

IX) (») 
L93 1 LEG 2 I-KS 



0 


6 


21.6 


6 


6 




€ 


12 




12 


12 


45,1 


12 


1.8 


55*3 


18 


IB 




18 


24 


75.0 


24 


24 


84.3 



In such a procedure., if the above-deiicribeA prcsforrod pcwrr 
supply Is to be used, it is mcsssary that each leg of fclia fcoater 
after reJucticma in iLs core diatieter have en overall resistance 
equalling that of the other leg after reductions in its coane 
5 diajruter. This is necessary to ensure tha rero voltarje potential of 
the in±er connected conductors in the end place. TVtu3, it ie 
necessary to divide the overall extents of electrical core 
reductions evenly over both longtHs of the heater. 

Substantial!'/ any caiiprosilve swaging procedure which is or t,s 
10 substantially equivalent to rotary swaging suitably be used in 
practising the preset invention, a^moles of swaging machinus 
and/or techniques which can mutably bo used are inclunive of diu 
closing swaging machine*, such as those iranuf acaired by The 
Torrington Cu:rpany f ox Abbey Aetna Jtechine ftxrpany or rcrtn 
15 Wnuf acturing, etc. 

Ptwer au«>].y cablets capable of transmitting the anoint of 
current selected to be usod whiio gcrorating cnLy a relatively 
insignificant amount of haat and having sufficient thermal 
stability fox elartrical and Hocfcunical atuachment to thu motal 
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sheathed cable seltwted for Generating a ininiflUjn ancunt of heat can 
suitably be used in this lrxv^tion, Exa/tples of suoh cabteB include 
those available as QXOC/Fyrotenac 141 rabies. 

In general, in a situation In which an eLectrlcal conductor 
5 need not bo insula ten, the present invention can ba practised **tch 
substantially any electrical cocriuetor which xr continuous and 
unitary (i.e.. is a oanfcvvuoua body frco of tnbercennected ' segasits 
ox stranda) end has a core or conductor thickness (.i<e, a cross- 
uectiooal area of the electrically ccoductivo criteria!) Nhich ie 

10 different in different locations along the length of the electric&l 
uemductor, Pre* erred edoctrioal conductors arqprise siwjte 
conductive core* of malleable metals or allcr/a surrounded by a heat 
stable solid jivrolated raterial vitiOn a heat a table mtAl sheath 
such as refractory pewejar cor solid fibre insulating materials 

\5 within copper or stool sheaths* A copper core surrounded by 

pondered wagnsaiuRi oxide within a copper sheath for use at raodaratu 
temperatures, or a stainless steel sheath for use at high 
torpcrafcurea, is particularly preferred, 

in general, the present invention can te utilized to initiabe 

20 and jtcintaJn a substantially uniform rate of lieatirxf along a space 
containing at least one portion having a relatively law rata o£ 
Jieat ocnductivifcy and/or to estahlich and naintf.Jn a relatively 
high rata of heating along eelected portions alorv? a space 
. throughout tjhich the rate of heat cenductivity Is nearly aavfornu 

?5 lfce variations in heat conductivity with distanco alcog an 

elcnodted path can be oVtermlned by means of nuraarouc knewfr and 
available device* and technix^uas. 

m a particularly prefurred procedure for utilizing the 
present invention for heating along a path along vfrich the beat 

30 conductivity is oon^irbrm, a selection is made of the rate of 
heating to be provided when an electrical conductor having tha 
cdTcoeitiOffi to be used is conducting the amount of current to ba 
used within o honogonaous medium having the. lowest heat 
conductivity to ba encountered aJcng the path to be heated. Hie 
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niaxiwuw thickness for trie eLentrioftl conductor to ba vised Is. trcn 
the thicJcneaa which provides that rate Of heatirg in that 
situation, 'the thickness of portiona of the conductor to be 
positioned along portions ot the path which have higher heat 
|5 conductivities are then jradte Utf nnsr to on axtont gubstimtially 
car^ensating for cha mora rapid coMwctingraway of the teat by 
those higher teat oaictativitias. 

Alternatively, where it ia ce&irable to generate heat at 
relatively rapid rates along portions of a path to be tented (for 

10 cxarple, along top and bottom portions of a mibtarrancan earth 
fOKntiun) such <m arrangenent can ba made, a.Vtha.inti the. heut 
conductivity nay be substantially uniform all along the path to Ijo ■ 
heated. Xte conductor thtcfcness an.i resistance to be ueed along 
moat of tJie cable conductor tare select to provide the selected 

15 rata of hpoting along a hcrogensoos itaterrial having the hoat 

conductivity oosaion to xnoat of tho lntarval to be heatud. Then, the 
tfore rapid heativjg rate along nested portion? of the path can be 
obtained by thinning the portion* of the conductor to be ext&nood 
along tbo9e portions of! the path. 
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THE «MBOn:c>lftnTR OP THE IWVBJ1TIOH 1H WHICH AM BXCLUfilVa 
PROPERTY OR PRIVILEGE IS CLAIMED ARE DRFIHED AS j i 'OU,OW& s 

In a pi'oca 80 in vMch. subterranean earth forxnatiouB 
within an interval more tUaw 100 feet long are hoattfd to a 
teaipArature ct wore than 6O0°C. f so that heat is injected 
substantially uniionay Into that internal f an improvement far 
constructing cad Installing a neater having an electrical cable 
heating section wHoh la free of eplicea, comvriaingi constructing 
anid heatJ.no; cable section by compress tvely swaging at least one 
portion of a juootlon-tre. e elect cicaJi heatliig cable to reduce its 
size At 8«id at least one portion, said cable is at least as long 
as the earth formation interval Co be heated and comprises an 
axially aUgned, malleable, olectrically conductive cor*, 
surrounded by granular mineral ineutatlon within a netai sheath, 
so that evage<l portion generates heat at a rato higher than the 
oniHaged portion; correlating tn« looaUon of said awaging with 
the pattern of heat conductivity in the oarth formation interval 
60 that at least one compresaively swaged portion of the cable is 
located along the cable in a posiuion such that, when tho cable is 
extended along the earth formation interval to he heated, the 
coiftproHsjvely swaged portion ia adjacent to a portion of tUe earth 
formation interval in which the heat conductivity is relatively 
hlg-hj connocting said selectively sv?agert beating cable section to 
at least one power supply c&hie And booolintr the interconnected 
cables } and unspooling the Inrercoeuectecl cables into a wellbore 
along with a weight-supporting metal conduit while periodically 
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attaching tue cable n to tlx* conduit. a.ud extending the cable b and 
conduit to a do^th at which the compcensivoiy svatfed portions ol' 
the cable are ponUionftd adjacent to the earth tonaationi Uavtog 
rolativoiy high bhormal conductivity. 

8 MART Br BIGG AH 
OU'YXtf A t CANADA 

PATBHT AGTOTB 
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ISBKttKG RATS VARIANT 
ELONGATED ELiSCTOTCAL HR9IF.TANCB HEATER 

ftn electrical resistance l^aoeor capohla of gwwrating Jieat at 
diffe«jtit rdrtes at different looiitloons ita lerx/th cnrprises a 

ccntinuocB and unitary electrical oondoctor haviwj a thickness 
which is different at different locaticos along its length. 
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